It is important to investigate the relationships between the power sources and the chemical compositions of galaxies for understanding the scenario of galaxy evolution. We carried out an unbiased molecular line survey towards AGN host galaxy NGC1068, and prototypical starburst galaxies, NGC 253 and IC 342, with the Nobeyama 45-m telescope in the 3-mm band. The advantage of this line survey is that the obtained spectra have the highest angular resolution ever obtained with single-dish telescopes. In particular, the beam size of this telescope is ∼15 ′′ -19 ′′ , which is able to spatially separate the nuclear molecular emission from that of the starburst ring (d∼30 ′′ ) in NGC 1068. We successfully detected approximately 23 molecular species in each galaxy, and calculated rotation temperatures and column densities. We estimate the molecular fractional abundances with respect to 13 CO and CS molecules and compare them among three galaxies in order to investigate the chemical signatures of an AGN environment. As a result, we found clear trends on the abundances of molecules surrounding the AGN on 1 kpc scale. HCN, H 13 CN, CN, 13 CN, and HC 3 N are more abundant, and CH 3 CCH is deficient in c 2014. Astronomical Society of Japan.
Introduction
An unbiased line survey is an effective method in understanding chemical compositions as well as excitation conditions in the ISM. So far, many line survey observations toward characteristic sources in our Galaxy have been carried out using radio telescopes. For example, line surveys toward massive star forming regions were reported in Sgr B2 (Cummins et al. 1986; Friedel et al. 2004 ) and Ori-KL (Johansson et al. 1984; Turner 1989; Crockett et al. 2010) . The results of the low-mass starless cores TMC-1 (cyanopolyyne peak) (Kaifu et al. 2004; Kalenskii et al. 2004 ) and the evolved star IRC+10216 (Avery et al. 1992; Kawaguchi et al. 1995; Cernicharo et al. 2010) were also published. Ultra compact HII regions in W51 and W3 (Bell et al. 1993; Helmich & van Dishoeck 1997) , and the shocked molecular cloud L1157 B1 (Sugimura et al. 2011; Yamaguchi et al. 2012) were observed. Moreover, Takekawa et al. (2014) reported the molecular composition toward the Galactic circumnuclear disk (CND) region and Sgr A*. The previous work showed that line surveys are useful not only in obtaining molecular abundances of known tracers, but also in discovering new chemical probes.
Over the last 10 years or so, targets for line surveys have been expanded to not only nearby Galactic sources but, with new instruments, sources with weaker emission from some external galaxies. These new instruments include low noise receivers with superconducting devices, wide band intermediate frequency chains, and wide band and high resolution spectrometers for large single-dish telescopes such as the Nobeyama Radio Observatory (NRO) 45-m telescope 1 (e.g. Nakajima et al. 2008 ) and the Institut de Radioastronomie Millimétrique (IRAM) 30-m telescope (Carter et al. 2012) . A pioneering spectral line survey toward the nearby galaxy NGC 253 was carried out by Martín et al. (2006) with the IRAM 30-m telescope in the 2-mm band. To date, a number of unbiased line surveys at mm/sub-mm wavelengths have been reported towards external galaxies using single-dish telescopes (e.g. Naylor et al. 2010; van der Werf et al. 2010; Aladro et al. 2011b Aladro et al. , 2013 Aladro et al. , 2015 Snell et al. 2011; Costagliola et al. 2011; Kamenetzky et al. 2011; Spinoglio et al. 2012; Davis et al. 2013; Watanabe et al. 2014) . Previous extragalactic line surveys were reviewed
1 The 45-m radio telescope is operated by Nobeyama Radio Observatory, a branch of the National Astronomical Observatory of Japan.
by . As a result, about 60 molecular species have been identified in nearby external galaxies (a list is available in CDMS 2 ; Müller et al. 2005 ), and it is now possible to study molecular abundances and chemical reactions in external galaxies. In fact, some groups have suggested that it is possible to diagnose power sources in galactic nuclei using intensity ratios of molecular lines, such as HCN/HCO + , HCN/CO, or HCN/CS (e.g. Jackson et al. 1993; Tacconi et al. 1994; Helfer & Blitz 1995; Kohno et al. 1996 Kohno et al. , 2008 Usero et al. 2004; Imanishi et al. 2007; ; Krips et al. 2007; Davies et al. 2012; Krips 2012; Izumi et al. 2013; . However recent high spatial resolution images of several molecules with the Atacama Large Millimeter/sub-millimeter Array (ALMA) toward NGC 1068 and NGC 1097 suggest that the interpretation of molecular lines at the vicinity of an active nucleus is still complicated (García-Burillo et al. 2014; Martín et al. 2015) . In any case, it is important to investigate the relationships between the power sources of galaxies such as active galactic nuclei (AGNs) and/or starbursts, and the chemical properties of the surrounding dense interstellar medium. In order to study the effects on molecular abundances and to probe the power sources, it is needed to observe molecular lines in the irradiation by UV photons from starbursts or by X-rays from AGNs, which produce either a photon-dominated region (PDR) (e.g. Hollenbach & Tielens 1999) or an X-ray dominated region (XDR) (e.g. Maloney et al. 1996; Lepp & Dalgarno 1996; Meijerink & Spaans 2005) . It is expected to find different molecular signatures for these two regions.
Observations of the molecular gas chemistry of the AGN toward NGC 1068, one of the nearest galaxies with an AGN, have been reported by some groups Pérez-Beaupuits et al. 2009; García-Burillo et al. 2010; Nakajima et al. 2011 Nakajima et al. , 2015 Aladro et al. 2013 Aladro et al. , 2015 Takano et al. 2014; and Viti et al. 2014) . However, the observed molecular lines in these previous works except for Aladro et al. (2013; and Takano et al. (2014) are limited to molecules of strong emission lines, such as CO, HCN, HCO + , SiO, and CN. Therefore, further systematic observations of molecular lines using a compact beam without missing flux for seeing the affected molecular gas by the AGN are indispensable to study the impact of the AGN on the interstellar medium. Up to now, there have been two complete line survey observations, which have sufficient velocity resolution (<20 km s −1 ) and high sensitivity (∼1 mK) in the 3-mm band toward NGC 1068, one with the IRAM 30-m telescope by Aladro et al. (2013; , and the other with the NRO 45-m telescope by Takano et al. (in prep ., hereafter the data paper). The prior observations toward NGC 1068 by Snell et al. (2011) and Kamenetzky et al. (2011) are also line surveys at 74-111 GHz and 190-307 GHz, respectively. But the velocity resolution of their instruments, the Redshift Search Receiver (RSR) and a broadband millimeter-wave grating spectrometer (Z-Spec), is more than 100 km s −1 . Therefore, only strong lines with wide line widths were detected.
From the initial results of the line survey with the NRO 45-m telescope, we successfully detected basic carbon-containing molecules such as C2H and cyclic-C3H2 (Nakajima et al. 2011) . The relative abundances of these molecules with respect to CS were found to show no significant differences between NGC 1068 and NGC 253. Thus, it was concluded that these basic carbon-containing molecules are insensitive to the AGN conditions and/or that these molecules exist in a cold gas away from the AGN. Aladro et al. (2013) compared their results in NGC 1068 with the typical starburst galaxies NGC 253 and M 82, and they suggested that the gas in the nucleus of NGC 1068 has a different chemical composition from those of the starburst galaxies. In particular, they determined that the abundances of CN, SiO, HCO + , and HCN are higher in NGC 1068. In contrast, H2CO and CH3CCH, which are abundant species in the starburst galaxies, are not detected in NGC 1068. The feature of abundant CH3CCH in starburst galaxies was also suggested in Aladro et al. (2015) , who obtained and compared the line survey spectra in the 3-mm band toward the starburst galaxies NGC 253, M 82, and M 83, the AGN-hosting galaxies M 51, NGC 1068, and NGC 7469, and the ultra-luminous infrared galaxies (ULIRGs) Arp 220 and Mrk 231.
In this paper, we report analysis results of molecular lines toward NGC 1068 based on the line survey in the 3-mm band using the NRO 45-m telescope. The beam size of this telescope (∼19 ′′ at 85 GHz) is smaller than the size of the starburst ring in NGC 1068 (d∼30 ′′ ). This small beam size is essential to study the impact of the AGN on the surrounding molecules, because it will enable us to separate the contamination of the molecular lines from the starburst region in NGC 1068. We also observed the typical starburst galaxies NGC 253 and IC 342 to compare the effects of the AGN and the starburst on molecular abundances. The details of observations and molecular spectra of each galaxy are presented in the data paper. In this paper, we present the results of the fractional abundances of all detected molecules, and discuss the physical and chemical properties, and possible scenarios for the differentiation of the molecular abundances in both types of galaxies. The analysis for the calculation of rotation temperatures and column densities is described in section 2, and these calculated results are presented in section 3. The trends found in comparing the molecular abundances in the three galactic nuclei and the possible explanations for particular molecular abundances are discussed in section 4.
Analysis

Rotation Diagram
We constructed rotation diagrams of the observed molecules in each galaxy. A list of detected and non-detected molecules is shown in Table 1 . For molecules with detections of only one transition in our observations, we refer to the data of other transitions in other bands in previous papers. Although there are a lot of previous observations in the 3-mm band, we used here only our results in that frequency band in the rotation diagrams. Rotational temperatures (Trot) were calculated from the slopes of the fitted lines on the rotation diagrams under the assumptions that all lines are optically thin, that a single excitation temperature (Tex) characterizes all transitions, and that local thermodynamic equilibrium (LTE) pertains. We used the following equation (e.g., Turner 1991) ,
where N mol is the column density, Z the partition function, ν the frequency, gu the rotational degeneracy of the upper state (2Ju + 1), gI and gK the reduced nuclear spin degeneracy and K-level degeneracy, respectively, and Eu the energy of the upper state of the transition.
The integrated intensity W = T mb dv is corrected for the beam filling factor (η bf ), which is calculated as η bf = θ 2 s / (θ 2 s + θ 2 b ). It accounts for the dilution effect due to the coupling between the source and the telescope beam in the approximation of a Gaussian source distribution of size θs (FWHM) that is observed with a Gaussian beam of size θ b (HPBW). θ b of the receiver used on the NRO 45-m telescope was measured by cross scans of a point source emission such as a quasar (Nakajima et al. 2008) . The adopted θ b for calculation of the beam filling factor is presented in the table in Appendix 2. The error of θ b obtained with the NRO 45-m telescope is about 2 %, and the effect on the estimations of Trot and N mol can be negligible. The adopted θs values of NGC 1068, NGC 253 and IC 342 are 4 ′′ , 20 ′′ and 6 ′′ , respectively. They are taken from the distributions of HCN for NGC 1068 (Helfer & Britz 1995) , CS for NGC 253 (Peng et al. 1996) and HCN for IC 342 (Schinnerer et al. 2008) , which are estimated from interferometric maps. Moreover, these θs are similar to the values in the previous works for easy comparison Aladro et al. 2013; for NGC 1068 for NGC 253, and Bayet et al. 2009 . Uncertainties of the error of ±50 % in the assumed source sizes translate into about ±20 % uncertainty in the estimates of Trot and N mol . A ul is the Einstein A-coefficient given by
where µ ul is transition dipole, and S is the line strength. We obtain ν and µ ul from the CDMS database. All rotation diagrams of the detected molecules in each galaxy are shown in Appendix 1, and the line parameters of the molecules are listed in Appendix 2. The upper or lower limits of the physical parameters for non-detected lines are calculated with their rms noise level (1 σ). It is noted that some molecular lines are optically thick, and the assumption of LTE is not valid. For example, the column densities of 12 CO, HCN, and CN are possibly underestimated. The optical depths of these molecules are described in section 3.1.
Column Density
N mol is calculated from the intercept at Eu/k = 0 of the fitted line on the rotation diagram and equation (1). The partition function Z for each molecular species is calculated based on the following equation.
We describe Z for linear species, symmetric tops, and asymmetric tops in the next subsections based on Turner (1991) . For polyatomic molecules except for linear species, we use the integral approximation for Z because of the density of rotational energy levels. For the calculations of N mol for molecules with only one detected transition, we assumed Trot = 10±5 K, which is almost the same value of the obtained rotational temperatures of CS among the three galaxies in this observation (Table 2) . Because the critical density of CS (J=2-1) is about 10 4 -10 5 cm −3 , it traces the region where the densities are higher than that traced by CO, and this assumption of Trot is probably reasonable for such molecules. 
Linear Species
Note that gI and gK are equal to one for all levels in the case of the above molecules.
Symmetric Tops
Z for prolate symmetric tops is calculated using the following equation:
for molecules with C3v symmetry such as CH3CN and CH3CCH, while A and B are rotational constants. The line strength of CH3CN and CH3CCH are obtained from Boucher et al. (1980) and Bauer et al. (1979) , respectively. For these molecules, gK = 1 for K = 0 and gK = 2 for K = 0, and gI = 1/2 for K = 3n and gI = 1/4 for K = 3n (n = 0, 1, 2, · · ·) are used in equation (1). Although the transitions of different Kladders are blended in our observations, we apply the method of separating for blended lines based on Martín et al. (2006) .
Asymmetric Tops
Z for asymmetric tops is calculated using the following equations:
for molecules with no symmetry such as HNCO, and
for molecules with C2v symmetry such as cyclic-C3H2. For an internal rotor such as CH3OH, we used the following equation for A-type and E-type species:
where A, B and C are rotational constants. The line strength of cyclic-C3H2 is obtained from Thaddeus et al. (1985) and Vrtilek et al. (1987) , and that of CH3OH is obatined from Lees et al. (1973) . The gI is 3/4 for the ortho levels and 1/4 for the para levels for cyclic-C3H2. For CH3OH, gK = 1 and gI = 2 for A-type, and gK = 2 and gI = 1 for E-type species are used.
Results
Optical depth
We calculated the optical depths of C2H (N = 1-0), CN (N = 1-0),
and the CO isotopic species (J = 1-0), and listed these values in Table 2 . C2H, CN, and 13 CN show multiple line structures, which are caused by fine structure components. The intensities of each fine and hyperfine component were calculated based on spectroscopic theory and previously published experiments in the laboratory as discussed below. We can then obtain the optical depths from the intensity ratios between each component, and the total value of all components in the three galaxies are shown in Table 2 . For C2H, six Gaussian functions based on the expected intensity ratios with theory, as described by Tucker et al. (1974) , were fitted to the C2H spectra, as shown in figure 3. For CN (Skatrud et al. 1983 ) and 13 CN (Bogey et al. 1984 We compare N mol for each molecule among the three galaxies, and the results are shown in figure 1 . As a result, although the molecular gas surrounding the CND is irradiated by high energy emission (e.g. X-rays and UV) from the AGN, the CND in NGC 1068 is found to be chemically very rich. Helfer & Blitz 1995; Papadopoulos et al. 1996; Tacconi et al. 1997; Shinnerer et al. 2000; García-Burillo et al. 2014; Takano et al. 2014; Tosaki et al. 2017 ). This explanation is a possible reason for the finding of two components in the rotation diagram for at least 13 CO by Aladro et al. (2013) 
CS and C 34 S
The CS J = 3-2, 5-4, and 7-6 transitions in NGC 1068 were reported by , Martín et al. (2009), and Bayet et al. (2009) . However, Bayet et al. (2009) mentioned that the J = 7-6 line was only marginally detected. Subsequently, with the exception of the J = 7-6 line, the performed fit is shown in the rotation diagram in Appendix 1, and the obtained Trot is 7.9±0.3 K. We fitted the data with only one spatial component in NGC 253 and IC 342, but it is probably better to fit with at least two components, as suggested by Bayet et al. (2009) . In our observations toward NGC 1068, C 34 S was not detected, and an upper limit of N mol (<1. 9×10 This inconsistency with IRAM 30-m data may be caused in part by the fact that the assumed source sizes were not the same in these two studies. Martín et al. (2009) and Aladro et al. (2015) assumed source sizes of 10 ′′ and 4 ′′ , respectively. If we compare our results with those of Aladro et al. (2015) , which assumed the same source size as our study, the remaining source of the difference is that the emission of C 34 S probably comes from not only the CND but also the starburst ring. In fact, we found that CS (J = 2-1) is distributed in the CND and also in the starburst ring with our ALMA observations .
cyclic-C3H2 and C2H
Because there are no previous observations of cyclic-C3H2 and C2H except for the 3-mm band in NGC 1068 and IC 342, we assumed Trot = 10±5 K for the calculations of the N mol . Moreover, we had already reported the N mol of these molecules in NGC 1068 and NGC 253 in the paper containing the initial results of our line survey (Nakajima et al. 2011) . These values based on the new observational data are not significantly changed from the initial work, as expected. But the N mol of cyclic-C3H2 in NGC 1068 is changed from the initial result, because we did not take into account the beam filling factor for cyclic-C3H2 in this galaxy in Nakajima et al. (2011) . Thus, the new N mol of cyclic-C3H2 in NGC 1068 in this paper is likely to be more correct.
HCN, HCO
+ and their 13 C isotopic species HCN is one of the characteristic molecules of AGNs, because the intensity ratio of HCN with respect to HCO + or CO is often enhanced in AGN-dominant galaxies as compared with starburst-dominant galaxies (e.g. Kohno et al. 2008) . However, HCN is abundant in galactic nuclei, and so easily becomes optically thick. Moreover, the spectra of HCN are complex because they have hyperfine structure and often show self-absorption effects. Therefore, calculations of temperature and column density of HCN accurately with the LTE assumption are difficult (e.g. Loughnane et al. 2012) . In fact, the calculated optical depth of HCN from our observations is more than unity. We think H 13 CN will be a useful candidate to investigate the HCN enhancemnent effect of AGNs. Unfortunately, so far the observations of H 13 CN in NGC 1068 have been limited. We had already reported the J = 1-0 line (Nakajima et al. 2011), and Wang et al. (2014) reported only an upper limit to the J = 3-2 line with the Atacama Pathfinder Experiment (APEX). We obtained values for N mol of HCN ((4.7
14 cm −2 ) and
, which are approximately 2-4 times and >3 times higher than those in the starburst galaxies, respectively.
The HCO + (J = 1-0) line is often compared with the HCN (J = 1-0) line, because the rest frequencies of these lines are similar. Furthermore, the intensities of these lines are typically strong, and detections are facile. Because HCO + is also often optically thick, H 13 CO + is also useful. But the frequency of the H 13 CO + (J = 1-0) line is very close to that of SiO (J = 2-1), and therefore these lines are blended in NGC 1068, as shown in the observed spectra in the data paper. We could not separate these emission lines sufficiently to obtain line parameters. Therefore, only the upper limit (<4.5×10 12 cm −2 ) of N mol of H 13 CO + is estimated in this work.
HNC
HNC is abundant in dark molecular clouds and is deficient in high temperature regions (e.g. Hirota et al. 1998 ). On the other hand, it has been suggested that one of the causes of a bright HNC emission is the influence of UV radiation in PDRs and/or X-rays in XDRs at densities n < ∼ 10 4 cm −3 and at total column densities NH > 3×10 21 cm −2 (Meijerink & Spaans 2005) . In our results, the N mol of HNC in NGC 1068, (1.7±0.1)×10 14 cm −2 , is approximately two times higher than those in the starburst galaxies, which are (8.7
and (7.6 +2.2 −1.4 )×10 13 cm −2 in NGC 253 and IC 342, respectively.
Probably, this relatively high column density is not due to low temperature but to the large amount of gas and/or effect of the strong emission in the CND. Aladro et al. (2015) reported that N mol of HNC in NGC 1068 is about four times higher than in NGC 253, and this is consistent with our results.
CN and 13 CN
CN is one of the key molecules used to study environments irradiated with extreme UV or X-rays, as mentioned in theoretical approaches (e.g. Lepp & Dalgarno 1996; Meijerink & Spaans 2005; Meijerink et al. 2007 ). According to these papers, an increased X-ray ionization rate in molecular clouds can enhance the abundance of CN with respect to that in PDRs. In the data paper, we found that the integrated intensity ratio of CN, which is calculated by the summation of all fine structure lines, divided by 13 CO, is significantly higher in NGC 1068 (∼5.2) than in NGC 253 (∼2.5) and IC 342 (∼1.3). The obtained N mol of CN in NGC 1068 is 2-4 times higher than those of NGC 253 and IC 342 as might be expected. Note that the optical depth of CN is high as we discuss in section 3.1, and the 13 C isotopic species of CN will be also important to study the CN abundance. In fact, it is remarkable that the N mol of 13 CN in NGC 1068 is an order of magnitude higher than those of the starburst galaxies. The values are (1.0 
CH3OH, SO, HNCO, & CH3CN
CH3OH, SO, and HNCO are typical shock-related species and are well-known probes in Galactic sources such as L1157, to study chemical and physical conditions (e.g. see Pérez Gutiérrez 1997 for CH3OH and SO, and Rodríguez-Fernández et al. 2010 for HNCO) . CH3CN is known to exist in hot cores (e.g., Churchwell et al. 1992; Crockett et al. 2015) , and is regarded as a useful tracer to study the dense gas. Codella et al. (2009) we have already observed these molecules in NGC 1068 with ALMA and reported their column densities Nakajima et al. 2015) . In Nakajima et al. (2015) , the N mol of CH3OH and HNCO in the CND were measured to be 1.3 and 5.0 times higher than those in the starburst ring, respectively, under the assumption of the same Trot in both of the regions. Therefore, we obtain a similar comparison between the abundances of CH3OH and HNCO in the CND and the starburst environments using ALMA and the single dish telescope. Martín et al. (2009) and Aladro et al. (2013) reported the Trot of HNCO in NGC 1068. Our result Trot = 39.9
+9.5 −4.9 K is closer to that of Aladro et al. (2013) , which is 29.7±0.1 K, rather than the result of 5.8±0.8 K by Martín et al. (2009) .
SiO
It is well known that SiO is a good tracer of shocked gas (e.g. Mikami et al. 1992; Martín-Pintado et al. 1997 ), and we expect that this molecule is a useful tracer of shocks related to strong UV or X-ray irradiated regions. In fact, García-Burillo et al. (2010) suggested that the CND of NGC 1068 has a giant XDR based on the abundance ratios of SiO/CO and CN/CO seen with observation of high spatial resolution. Kelly et al. (2017) found a strong SiO peak to the east of the AGN and discussed shock events in the CND. In our observations, N mol of SiO in NGC 1068 is 2.3-2.9 times higher than those of the starburst galaxies. Our result is almost consistent with that of Aladro et al. (2015) , who reported the N mol of SiO in NGC 1068 to be about 2.2 times higher than that in NGC 253.
HC3N
We observed the HC3N J = 10-9, 11-10, and 12-11 lines in the 3-mm band. But the J = 10-9 line toward NGC 1068 was not clearly detected, because this frequency range shows a baseline fluctuation as shown that spectrum in the data paper. Thus, we made the rotation diagram only with the J = 11-10 and 12-11 lines. As a result, the Trot and N mol in NGC 1068 are 13.4 +32.2 −5.0 K and 1.7
14 cm −2 , respectively. N mol of HC3N is approximately 5-6 times higher than those in NGC 253 and IC 342. But its error in NGC 1068 is appreciably large, and this overabundance of HC3N must be taken with caution. The reason for this large error is the limited observed lines from only two closely-spaced energy levels.
N2H
+ N2H + is well known as a tracer of cold dense gas (e.g. Bergin et al. 2002) . So far there are many observations of N2H + in Galactic molecular clouds, but observations toward external galaxies are limited, especially in AGNs. In the previous observations in NGC 1068 with the NRAO 12-m and IRAM 30-m, the N2H + (J = 1-0) was detected Aladro et al. 2013) . Aladro et al. (2015) reported that N mol of N2H + is (1.2±0.5)×10 14 cm −2 , which is about three times higher than that in NGC 253. Our value is (5.8
, and this is only 1.7-1.9 times higher than those of the starburst galaxies.
CH3CCH
For CH3CCH in NGC 253, Mauersberger et al. (1991) and Martín et al. (2006) observed JK = 8K -7K , 9K -8K , 10K -9K , and 13K -12K , but we used only the highest transition line for the rotation diagram to better constrain the rotational temperature as in the case with CH3CN. CH3CCH was not detected in NGC 1068 in our observations. We obtained an upper limit of N mol , <9.1×10 13 cm −2 , and it is about a factor of 4 lower than in the starburst galaxies. The enhancement of CH3CCH is a possible diagnostic tool of starbursts as opposed to AGNs. Aladro et al. (2015) reported that CH3CCH emission lines are only seen in the starburst galaxies, and our observations support their results. The Trot of CH3CCH in NGC 253 and IC 342 are 40.5±0.2 K and 39.6 +0.9
−0.8 K, respectively, and those are almost the highest among all detected molecules. The reason for these high temperatures is that the dipole moment of CH3CCH is relatively low (0.78 D; Burrell et al. 1980) sothat it is relatively easily thermalized (Aladro et al. 2011a ). Inaddition, Guzmán et al. (2014) obtained that the rotation temperatures of CH3CCH in Galactic sources are about 55 K. They are consistent with our results and are the highest temperatures among their observed complex molecules.
Column density ratios
The integrated intensity ratios of HCN/HCO + , HCN/CO or HCN/CS could be useful discriminators between AGN and starburst activity, as explained in Section 1. But we need to investigate whether the column density ratios of these molecules also show the same trend as the intensity ratios. Several important column density ratios in our observations are listed in clearly shows the enhancement in the galaxy hosting AGN (figure 2). Observations of the lines of H 13 CN and H 13 CO + , which are optically thin unlike the lines of HCN and HCO + , in the nucleus of galaxies will be more useful for differentiation, though high sensitivity observations are necessary. CN and 13 CN, which are produced in PDRs but also particularly in XDRs as described in section 3.2.6, are expected to be enhanced in the galaxies hosting AGNs compared with starburst galaxies. In fact, the CN line intensities are thought to show enhancement in extremely X-ray irradiated environments (e.g. Aalto et al. 2002) , and we confirmed these features as column density ratios. The ratios of −0.01 , and <0.02 in NGC 1068, NGC 253, and IC 342, respectively. This ratio is 4-10 times larger in NGC 1068 than those in the starburst galaxies. These results are probably due to a difference in the optical depth because the 13 C species reveal the difference in the physical conditions deep inside of the molecular clouds, which may not be probed with the optically thick normal species. The CN/HCN column density ratio is expected to probe radiation (UV-photon / X-rays) of the ISM in theory as discussed in 3.2.6. Meijerink et al. (2007) suggested that the
ratio is expected to be larger than unity in PDRs, but particularly large in XDRs. In our results, Finally, we show the ratio of
in Table 4 . This ratio has already been reported by Aladro et al. (2015) in the line survey with the IRAM 30-m telescope (see Table 4 in their paper). They reported that CH3CCH was not detected toward the galaxies hosting an AGN among eight observed various galaxies, and the ratio in NGC 1068 is less than about half of that in NGC 253. In our observations, the upper limit of this ratio in NGC 1068 is 7 times lower than those ratios in the starburst galaxies, and these results are consistent with the observations using the IRAM 30-m. Moreover, the observations with the NRO 45-m telescope place a more stringent constraint on the low-abundance of CH3CCH in NGC 1068.
Discussion
Trend of Molecular Abundances surrounding the AGN
Comparison among the molecular abundances in each galaxy are shown in figures 6 and 7. In these figures we calculated the fractional abundances with respect to 13 CO or CS. Although the fundamental fractional abundance is relative to molecular hydrogen (NH 2 ), we take a ratio of the column density of each species over the 13 CO or CS column density in these figures.
We do this because an estimate of NH 2 is quite difficult based on CO line measurment using an assumed so called XCO factor, which is a CO-to-H2 conversion factor (e.g. Dickman 1978) . The XCO factor is easily affected depending on the physical conditions in the interstellar molecular gas. On the one hand, the obtained column densities of 13 CO in our obeservations are not significantly different between the AGN and the starburst galaxies, and in addition their errors are the smallest among all detected molecules in our observations. The difference of N ( 13 CO) between the AGN and the starbursts is within a factor of 1.4, and this is the smallest variation among all detected molecules as shown in figure 1 and Table 3 . Therefore, we would expect to clearly see the effect of an AGN to compare with starbursts using the fractional abundances relative to 13 CO.
However, we found that the 13 CO J = 1-0 line in the CND toward NGC 1068 is extremely weaker than that in the starburst ring from the observations with higher spatial resolution using ALMA . Although this signature is not seen with the single-dish telescope observations, a number of determined fractional abundances relative to 13 CO may show excessive enhancement in NGC 1068. Therefore, we also calculate the fractional abundances with respect to CS, which is known to show little variation in abundance among galaxies with different activity such as starbursts, AGNs, ULIRGs, and normal galaxies ). In fact, the difference of N (CS) between the AGN and the starbursts in our results is within a factor of 2.5, and this value is one of the smallest variations next to CO and its isotopic species. In addition, the critical density of CS (J = 2-1) is about 10 4−5 cm −3 , and therefore it traces regions where the densities are higher than that traced by 13 CO. It is much more reasonable for comparisons involving molecules of high critical density. Figure 6 shows correlation plots of the fractional abundances relative to (a) 13 CO and (b) CS between NGC 253 and IC 342, which are both starburst galaxies. All differences of the fractional abundance are within an order of magnitude, and a good correlation of the abundances can be seen between these two galaxies. The correlation coefficients between these starburst galaxies are 0.996 for both 13 CO and CS. This result suggests that average environments causing these chemical compositions are similar within the beam size of the 45-m telescope. Figure 7 contains correlation plots for NGC 1068 against both NGC 253 and IC 342 for the fractional abundances of the assorted molecules normalized by 13 CO and CS. These are roughly in good correlation between the galaxy with an AGN and the starburst galaxies. In addition, we found that some molecules show significantly higher or lower fractional abundances in NGC 1068 relative to both of the starburst galaxies. It is interesting to note that such features among these galaxies are common. Molecules of high fractional abundance in NGC 1068 include CN, 13 CN, HCN, H 13 CN, and HC3N, while CH3CCH is deficient in this galaxy. Figure 8 shows more clearly the ratios of the fractional abundances of assorted species with respect to 13 CO and CS between NGC 1068 and the starburst galaxies. In these figures, the molecules are arranged in descending order of the abundance ratio from the left side on the horizontal axis. Therefore, the fractional abundance ratios greater than unity are on the left side of the figures, where the more abundant molecules in NGC 1068 are located. The highest ratio occurs for 13 CN, for which it is greater than or equal to 10, while the lowest ratio is for CH3CCH. The basic carbon-containing molecules, cyclic-C3H2 and C2H, show similar abundances with respect to CS within factors of a few among the three galaxies. Therefore, the conclusion of our initial results (Nakajima et al. 2011 ) that the abundances are insensitive to the effect of the AGN for these molecules and/or that these molecules exist in a cold gas away from the AGN, is supported. Krips et al. 2008; Kamenetzky et al. 2011; Aladro et al. 2013 Aladro et al. , 2015 ). The line intensities of HCN and CN are higher than most of the molecules in these previous observations. Aladro et al. (2015) reported the column densities of HCN, CN and CO isotopic species in NGC 1068 as well as those in four starburst galaxies: NGC 253, M 82, M 83, and Arp 220. We calculated the ratios of in NGC 1068 based on their reported column densities, and these values are 2.3 and 1.9 times, respectively higher than the averaged ratios among those four starburst galaxies. On the other hand, the ratios of N(HCN) N( 13 CO) and N(CN) N( 13 CO) in NGC 1068 in our results are 3.7 and 3.9 times higher than the averaged ratios in the two starburst galaxies NGC 253 and IC 342. These higher ratios than those in Aladro et al. (2015) imply that the observations with the NRO 45-m telescope, the beam size of which is smaller than the IRAM 30-m telescope, tend to obtain molecular abundances in the CND with small contributions of emission lines from the starburst ring region.
Possible Scenario for the Differentiation of Molecular Abundances
We found that CH3CCH is deficient, and that CN, 13 CN, HCN, H 13 CN, and HC3N are abundant in the galaxy hosting an AGN, NGC 1068, relative to the starburst galaxies on a 1 kpc scale with the 45-m telescope. We discuss a possible scenario for the difference in these molecular abundances.
CH3CCH and HC3N
The low abundance of CH3CCH relative to H2, C 34 S, and C 18 O in NGC 1068 compared with those in the starburst galaxies NGC 253, M 82 and M83 obtained with the IRAM 30-m observations were already reported by Aladro et al. (2011a; 2011b; . They obtained that the
ratios are > ∼ 2, > ∼ 10 and > ∼ 2 times more abundant in NGC 253, M 82 and M 83, respectively, than that in NGC 1068. They claimed that the fractional abundances of CH3CCH are likely to be intrinsically related to the different nuclear activities in galaxies, implying that the chemistry of this molecule is different between starbursts and AGNs.
ratios in NGC 253 and IC 342 based on our results are more than > ∼ 5 times higher than that in NGC 1068, as can be seen in Table 4 . Such a tendency is also seen in the
ratios in our results, as shown in figures 7 and 8. Therefore, our observations using a more compact beam strongly support the previous observational studies.
As shown in figure 8 , the fractional abundance of HC3N in NGC 1068 is higher than that in the starburst galaxies. In particular, the abundance of HC3N with respect to 13 CO in NGC 1068 is 6-9 times higher than those in NGC 253 and IC 342. But the error bar of the column density of HC3N in NGC 1068 is quite large due to the low quality of the observational data with the 45-m telescope, and we think it may not be an accurate feature, as previously discussed in section 3.2.9. In fact, such a feature of HC3N in galaxies hosting an AGN is not seen in some previous studies (e.g. Costagliola et al. 2011; Aladro et al. 2013; . However, we clearly detected HC3N J = 11-10 and 12-11 lines in the CND toward NGC 1068 with ALMA ), and we obtained that the abundance of HC3N is approximately 30 times higher than that in the starburst ring region in NGC 1068 (Nakajima et al. 2015) . Therefore, the tendency towards a relatively high abundance of HC3N in the CND in NGC 1068 is already confirmed with ALMA observations. According to model calculations, CH3CCH and HC3N are both easily dissociated by UV (PDRs) and/or X-ray radiations (XDRs) (Aladro et al. 2013) . Model calculations using a gas-phase network including high-temperature reactions (Harada et al. 2010) show that fractional abundances of HC3N and CH3CCH both increase with temperature. At the same time, the fractional abundance of CH3CCH produced in a high-temperature environment is only ∼10 −9 , much lower than that of HC3N (∼10 −7 ). On the other hand, there are some production routes of CH3CCH involving grain reactions. For example, a precursor of CH3CCH, C2H4 can be made efficiently on grains. When C2H4 desorbs from grains, the following gas-phase reaction forms CH3CCH: CH + C2H4 −→ CH3CCH + H (Miettinen et al. 2006) . Our calculations with a gas-grain code (Hersant et al. 2009 ) also show that CH3CCH on ice can be made in high abundance by hydrogenation of cyclic-C3H2. As noted previously, the regions shielded from strong radiation are needed to help these molecules survive. We claimed that the emission of HC3N in the CND in NGC 1068 must be coming from regions shielded from X-rays (Harada et al. 2013; Nakajima et al. 2015) , but the reason for the non-detection of CH3CCH in NGC 1068 is not clearly understood on ∼kpc scale with the single-dish observations. In contrast, Costagliola et al. (2015) reported the possibility of both HC3N and CH3CCH enhancement toward NGC 4418, which is a galaxy with a very compact and luminous nucleus, as seen with ALMA. We think that the differences in the fractional abundances between these molecules among the galaxies may be caused by a difference in the type and/or frequency of shocks, or by another heating mechanism that affects the synthesis of these molecules in active galactic nuclei. In any case, observations of extragalactic CH3CCH are limitted so far, and relationships between active nuclei and its abundances are still uncertain.
CN and HCN
The radical CN and its isotopic species 13 CN are more abundant in NGC 1068 compared with the starburst galaxies, as shown in figures 7 and 8. In particular, the ratio of
in NGC 1068 is approximately 1.2-1.5 times higher than those in the starburst galaxies. Furthermore,
is from 3.8 times to an order of magnitude larger in NGC 1068 than in the starburst galaxies as already shown in figure 2. This CN enhancement is also found in the high-spatial resolution observations toward NGC 1068 with ALMA (Nakajima et al. 2015) . We reported the comparison of
N(CN) N(CS)
between the central ∼100 pc of the CND and the starburst ring region in NGC 1068, and showed that ratio in the CND is approximately 7.2 times higher than in the starburst ring region. This suggests that the reason for CN enhancement in NGC 1068 is a high abundance of CN in the CND.
Both chemical models and observations suggest that the CN fractional abundance is high when the chemistry is at an early stage of evolution of molecular clouds (Le Petit et al. 2006) or when there is high flux of UV photons, X-rays, and/or cosmic rays to ionize and dissociate precursor molecules such as HCN (Jansen et al. 1995; Lepp & Dalgarno 1996; Hirota et al. 1999; Meijerink et al. 2007; Harada et al. 2013 ). In addition, Harada et al. (2013) suggested that CN is not increased by mechanical heating such as turbulence/shock heating. In our observations, HCN and H in NGC 1068 are approximately 1.0-1.6 times and more than 1.8 times, respectively, larger than in the starburst galaxies. Note that the ratios of , but this reason is likely the high optical depths of CN and HCN as already discussed in section 3.3. The optically thin lines of 13 CN and H 13 CN are more useful for this discussion. Meijerink et al. (2007) ratios of 6.4 and 2.1, respectively in NGC 1068, whereas Aladro et al. (2015) reported that these values are 2.8 and <1.9, respectively. Although small differences in these ratios among these observations are probably caused by the difference of the beam sizes, these ratios are significantly low relative to a pure XDR environment. In fact, Pérez-Beaupuits et al. (2009) are small ratios which are unexpected in a pure XDR environment.
In hot cores, a high temperature reaction CN + H2 −→ HCN + H efficiently converts CN into HCN reducing the fractional abundance of CN at an elevated temperature and increasing that of HCN (Harada et al. 2010) . Therefore, one possible scenario for the high abundance of both CN and HCN in the CND in NGC 1068 is that the abundances of CN, 13 CN are increased by X-ray and/or cosmic ray irradiation, while HCN and H 13 CN are increased by mechanical heating due to turbulance and shock such as an AGN jet. This scenario has already been reported in another AGN, NGC 1097, by Izumi et al. (2013) . In fact, García-Burillo et al. (2014) identified the signature of an AGN-driven outflow in the CND of NGC 1068 based on the CO velocity field.
Beam sizes of single-dish observations in our study and previous studies correspond to ∼1 kpc. If X-rays are not attenuated, they can cause a significant ionization rate even at this scale (e.g., Eq. 4 in Maloney et al. 1996) . However, X-rays can be attenuated by a column density NH ∼10 24 cm −2 , and it is likely that they are attenuated in a 10-pc or 100-pc scale within the CND. Generally single-dish telescopes observe the whole structure of molecular clouds, which are both irradiated by strong radiations and shielded from them. Therefore, it is difficult to compare the observations and the model calculations. If we discuss the relationship between such physical phenomena and chemical characteristics in NGC 1068, we need to clearly separate the molecular abundances in the CND and the starburst ring.
Finally, metallicity or elemental abundance is one of the important factors for the molecular abundance. While the galaxies have a metallicity gradient in general, the metallicities in NGC 253 and IC 342 are known to be close to the solar value, Z∼Z⊙ (Webstar & Smith 1983; Yamagishi et al. 2011) , and nearly solar, 0.8 Z⊙ (Crosthwaite et al. 2001) , respectively. Although the metallicity of AGNs are generally high, for example the values of super solar ( > ∼ 3 Z⊙) especially in the narrow line region (NLR) (e.g. Groves et al. 2006) , all elements are consistent with solar value except for Nitrogen (N/H) in NGC 1068 (Kramer et al. 2015 , Martins et al. 2010 , Brinkman et al. 2002 , Marshall et al. 1993 . As a result, we judged that the metallicities in our objects observed with our beam size of ∼19 ′′ are almost consistent with the solar value. Therefore, the difference of metallicity is likely to be not a main cause of the enhancement of some species such as HCN (at least in our observations with large beam size). The significant effect of metallicity is likely to be possible closer to the AGN core.
In order to investigate the effect of the AGN on the surrounding molecular gas, it is important to obtain the distribution of molecules in the CND with much higher spatial resolution. However, the investigation of molecular composition in nearby galaxies with single-dish telescopes is important. For example, it is necessary to observe molecular gas in high-redshift galaxies with interferometry for understanding the scenario of galaxy evolution. But these galaxies are not well resolved in their inner structure even with ALMA. At that time, the results of line surveys with single-dish telescopes will be the most basic template.
Conclusions
We carried out unbiased molecular line survey observations in the 3-mm band toward NGC 1068, NGC 253, and IC 342 with the NRO 45-m telescope. The rotation temperatures and column densities for 23 molecular species in each galaxy were obtained and added to other transition data in previous studies under the assumption of local thermodynamic equilibrium. In order to investigate the effect of an AGN on the surrounding interstellar medium, we determined molecular fractional abundances relative to 13 CO and CS, and compared these abundances between NGC 1068, the galaxy hosting an AGN, and two starburst galaxies with correlation plots. The main results of this work are summarized as follows:
1. We found that the fractional abundances of the assorted molecules normalized by 13 CO and CS are roughly in good correlation between NGC 1068 and the starburst galaxies NGC 253 and IC 342. This means that significant effects on the chemistry due to the existence of an AGN or starburst are not prominently seen over a large scale (∼1 kpc) with the NRO 45-m telescope. But some molecules show higher or lower abundances in NGC 1068 relative to the starburst galaxies. ratios are 6.4 and 2.1, respectively in NGC 1068, and these values are relatively low with respect to what would be expected in chemical models of a pure XDR environment. One possible scenario for the high abundances of both CN and HCN in the CND is that the fractional abundances of CN and 13 CN are increased by X-ray and/or cosmic ray irradiation. On the other hand, HCN and H 13 CN are possibly increased by mechanical heating due to turbulence and shocks such as an AGN jet.
The reason for the non-detection of CH3CCH in NGC 1068
is likely to be dissociation by high energy radiation, a lack of formation on grains, or less sublimation of a precursor of CH3CCH, C2H4, from grains. On the contrary, the fractional abundance of HC3N in NGC 1068 is found to be higher than those in the starburst galaxies. The emission of HC3N must be coming from regions shielded from X-rays in the CND, and these regions are expected to be in a high temperature environment. This senario is consistent with the results from abundances of HCN and CN.
This work is based on observations with the NRO 45-m telescope, as a part of the line surveys of the legacy projects. The authors thank the project members for helpful discussion. E. H. thanks the National Science Foundation (US) for their support of his program in astrochemistry. We also thank all of the staff of the 45-m telescope for their support. We are also grateful to Ryohei Kawabe for his advice and support of the line survey project. Yes and No represent the detected and non-detected molecule, respectively, in our line survey observation with the NRO 45-m telescope. The observed parameter of molecular lines in each galaxy will be reported in the data paper (Takano et al. in prep.) . 
The expression a(b) represents a × 10 b . The range of error is represented by the maximum and minimum values, which are calculated from the maximum and minimum slopes of the fitted lines in the rotation diagram. * We assumed Trot = 10±5 K for molecules with only one transition available or non-detection in our observations. † The error of C 17 O in NGC 253 is not calculated because the fitted line can have a positive slope due to a large error in our observations (see the rotaion diagram in figure 10 ). The spectrum consists of 9 hyperfine components (J = 3/2-1/2; F = 3/2-1/2, F = 5/2-3/2, F = 1/2-1/2, F = 3/2-3/2, F = 1/2-3/2) and J = 1/2-1/2; F = 1/2-1/2, F = 1/2-3/2, F = 3/2-1/2 , F = 3/2-3/2. See also the caption of figure 3. figure 9 . We calculated only the K = 0 to 5 components of CH3CN and CH3CCH. Higher values of the K-ladder (K > 6) were not taken into account, because the K = 5 component has a contribution of less than 1 % to the total integrated intensity. figure 9 . We calculated only the K = 0 to 5 components of CH3CCH. Higher values of the K-ladder (K > 6) were not taken into account, because the K = 5 component having a contribution of less than 1 % to the total integrated intensity.
Appendix 2 Parameters of each molecular line for the rotation diagrams 
